The effects of fennel extract on pine wood nematode (PWN) and the bacteria it carries were studied. The results showed that ethanol extract could kill pine wood nematode efficiently with a LC 50 of 16.5, 9.5, 8.8, 7.8 and 7.6 mg/ml within 24, 36, 48, 60 and 72 h, respectively. Also, the extract showed antibacterial activity against most of bacteria that PWN carries. Pseudomonas fluorescens GcM5-1A associated with pine wood nematode (PWN) was completely inhibited at the concentration of 37.3 mg/ml. Besides, four strains (03 sensitive strains and 01 resistant strains to the fennel extract) were isolated and identified by using morphology, physiology and biochemical characteristics plus 16S rDNA sequence blast. The three sensitive strains were identified as one of the species of Klebsiella, Stenotrophomonas maltophilia, Streptomyces. The resistant strain was identified as Pantoea agglomerans. This research offers some clues to the prevention study of pine wilt disease using environment-friendly products.
INTRODUCTION
Pine wilt disease (PWD) caused by pine wood nematode (PWN), Bursaphelenchus xylophilus, is an extremely destructive pine disease (Kiyohara and Tokushige, 1971 ). However, more recent studies have shown that bacteria were associated with PWN and they might play important roles in PWD (Wang et al., 2010) . Previous investigations showed that P. fluorescens GcM5-1A, carried by PWN, could secrete several toxins such as cyclic dipeptides (Guo et al., 2007) and flagellin (Guo et al., 2008) , which showed lethal actions to the Japanese black pine, Pinus thunbergii cells.
The PWN was firstly found out in North America, and now it has become a world-wide forest threat in south East Asia and Eastern Europe. Conventionally, chemicals are used to control this disease, however, since these may have undesirable environmental effects, efforts have turned to bio-controls and controls using natural products, but to date, no such products can eradicate PWD at present (Oh et al., 2009) . Recently, some natural products from plants and plant extracts were found to be excellent nematicidal. Good activities against B. xylophilus were achieved with essential oils of coriander (Coriandrum sativum), oriental sweet gum (Liquidambar orientalis), and valerian (Valeriana wallichii) (Kim et al., 2008) . Several compounds with nematicidal activity have been isolated and identified from ajowan (Trachyspermum ammi), allspice (Pimenta dioica) and litsea (Litsea cubeba). Lethal concentrations LC 50 values of geranial, iso-eugenol, methyl iso-eugenol, eugenol, methyl eugenol and neral against PWN were 0.120, 0.200, 0.210, 0.480, 0.517 and 0 .525 mg/ml, respectively (Park et al., 2007) . Bioassay results indicated that some diterpenes from Euphorbia kansui, such as 3-O-(2", 3"-dimethyl butanoyl)-13-O-dodecanoylingenol and 3-O-(2", 3"-dimethyl butanoyl)-13-O-decanoylingenol, and some phenolics from Knema hookeriana such as 3-undecylphenol and 3-(8Z-tridecenyl)-phenol showed a pronounced nematicidal activity against B. xylophilus.
Since pine wilt disease is caused by both pine wood nematode and its carrying bacteria (Zhao et al., 2003) , antibacterial agents, except chemical nematicides, should be considered in pine wilt management. Kwon et al. (2009) found that antibacterial agent, like the antibiotic oxolinic acid, suppressed the development of PWD in three-year-old Japanese red pine, Pinus densiflora, seedlings ensuring 71% of the control at a dosage of 3 mg per seedling. A better result was achieved when this antibiotic is combined with abamectin. Many are the works done on components, isolated from plants that show good antibacterial activity. Fennel (Foeniculum vulgare, family Apiaceae) is a highly aromatic and flavorful herb with culinary and medicinal uses. Some reports declare that hot water and acetone extracts of fennel seeds showed a quite good antibacterial activity. Minimum inhibitory concentration (MIC) for seven tested bacteria species ranged between 20-80 and 5-15 mg/ml, for aqueous and acetone seed extracts respectively (Kaur and Arora, 2009) . Therefore, the present study investigates the nematicidal and antibacterial activities of fennel extracts in order to develop natural products for pine wilt disease management.
MATERIALS AND METHODS

Isolation of pine wood nematodes and their associated bacteria
The PWNs used here were extracted from a piece of wood cut from a pine wilt diseased, P. thunbergii using the Baerman funnel technique (Zhao et al., 2003) . The nematodes were propagated in the dark at 25-30°C for 7 days on the fungus, Botrytis cinerea in petri dishes containing potato dextrose agar as described by Zhao et al., (2003) . The PWN suspension used in the experiment was prepared by washing the plates with sterile water and diluted to 1 w/μl.
To isolate the bacteria carried by the PWNs, 100 μl PWN suspension was thoroughly ground using a sterilized homogenizer, and diluted 1000-fold with sterilize water. One hundred micro-liter of the diluted suspension was plated onto nutrient agar medium and incubated at 30°C for 24 h. P. fluorescens GcM5-1A was isolated from the surface of the PWN and identified as described previously (Zhao et al., 2003) .
Preparation of fennel extract
To prepare the water extract, 200 g of fresh fennel was thoroughly ground and then 100 ml distilled water was added into the homogenate and extracted on a rotator for 24 h at room temperature. The slurry homogenate was centrifuged at 4°C, 12000 g for 30 min and the supernatant was collected and vacuumevaporated to obtain the water extract. To prepare an ethanol extract, 200 g of homogenate fennel were mixed with 600 ml of anhydrous ethanol and extracted for 24 h at room temperature. The slurry was centrifuged at 4°C, 12000 g for 30 min then the supernatant was collected. After that, the residual supernatant ethanol was evaporated and the remaining slurry was fully dissolved with 100 ml of distilled water then extracted three times with 300 ml ethyl acetate. The aqueous phase was collected and vacuum-evaporated as for the ethanol extract.
Effects of fennel extracts on the pine wood nematode
A PWN suspension was mixed with an equal volume of fennel extract (18.7 mg/ml) and incubated at 30°C. A part of this mixture was taken out and the number of PWN was counted every 12 h. In the control group, the fennel extract was replaced by distilled water, and each experiment was repeated three times. The software SPSS17.0 was used to perform the univariate variance analysis and the LSD multiple comparisons. The corrected mortality was calculated using the formula below.
Effects of fennel extracts on bacteria associated with the pine wood nematode
To determine the effect of fennel extract on the bacteria carried by the PWN, a 100 μl bacterial suspension was placed on nutrient agar medium amended with fennel extract with a final concentration of 37.3 mg/ml and cultured at 30°C for 24 h. In the control group, the bacterial suspension was placed onto non-amended nutrient agar medium. There were three replicates of each treatment. The number of colonies on the different media was counted.
Identification of the bacteria strains carried by the pine wood nematode
Three bacteria strains, found to be sensitive to the fennel extract, are isolated from the control medium. Also, we have found out one resistant strain. These strains were isolated and identified using the methodology described by Bergey's Handbook (Buchanan and Gibbons, 1974) . Besides, genomic DNA from the above four strains was isolated as described by Jensen et al.(1993) , and a DNA fragment of approximate 1.5 kb in length was amplified by PCR from the four PWN-carried bacterial strains using two conserved primers designed for 16S rDNA. The sequences of the two primers used in PCR were as follows:
Forward primers: 5'-AGAGTTTGATCCTGGCTCAG -3', Reverse primers: 5'-AGTAAGGAGGTAGTCCAACCGCA -3'.
The amplification was performed according to the following temperature program: 95°C for 1 min, 55°C for 1 min and 72°C for 1.5 min, and a total 35 cycles were carried out. PCR products were cloned into pMD-18T (TaKaRa Code: D101A) and sequenced by DNA sequencer ABI PRISM 3730 using M13 sequencing primer and M13 reverse sequencing primer. The phylogenetic trees were constructed based on the 16S rDNA sequence using the neighborjoining method. 
RESULTS
Nematicidal effect of ethanol and water extracts of fennel
A PWN suspension was mixed with equal volume of water extract or ethanol extract of fennel, and incubated for a period of time. The lethal rate of nematode was determined using a dissecting microscope. The results showed that both water and ethanol extracts killed the PWN. When a PWN suspension was incubated with equal volume of fennel extract at a final concentration of 18.7 mg/ml for 12 h, about half of PWN were killed, but 24 h later all of nematodes in both water and ethanol extracts were destroyed (Figure 1 ). Since both extracts exhibited similar and significant nematicidal activity (P<0.01), all of the following experiments were done using just the fennel-ethanol extract.
Median lethal concentration (LC 50 ) of the fennel ethanol extract
To determine the nematicidal efficiency of the fennel extract, the LC 50 was determined for the ethanol extract. Results showed that the LC 50 values of the fennel ethanol extract within 24, 36, 48, 60 and 72 h were 16.5, 9.5, 8.8, 7.8 and 7.6 mg/ml, respectively.
Effect of fennel extract on the bacteria carried by the pine wood nematode
Bacteria associated with the PWN were isolated and the antibacterial activity of the fennel extract was determined. The results showed that various bacteria were associated with the PWN (Figure 2A) , and while the most of the isolates were sensitive to the fennel extract, some were resistant ( Figure 2B) . A bacterial strain identified as P. fluorescens GcM5-1A carried by PWN ( Figure 2C ), known to produce toxins to P. thunbergii, could be completely inhibited by the extract at a concentration of 37.3 mg/ml ( Figure 2D ). This experiment confirmed that "-" means the result is negative, "+" means the result is positive.
the fennel extract was effective to both the PWN and most of the carried bacteria.
Identification of some bacterial strains carried by the pine wood nematode
To determine the isolates which were sensitive or resistant to the fennel extract, three strains sensitive (A-1, A-2, A-3) and a resistant one (B-1), were isolated and identified. The morphology of each of the four isolates and their colonies are shown in Table 1 , while their physiological and biochemical characteristics are given in Table 2 . Besides the routine identification, 16S rDNA was also amplified and sequenced from genomic DNA of the four isolated strains. The blast sequences results indicated that all of the four DNA fragments, amplified from the four isolates, were homologous to bacterial 16S rDNA, and the sequences of A-1, A-2, A-3 and B-1 were homologous to 16S rDNA of Klebsiella sp. (Figure 3 )., Stenotrophomonas maltophilia (Figure 4) , Streptomyces sp. (Figure 5 ), Pantoea agglomerans ( Figure 6 ) with a similarity of 99.54, 99.74, 99.43 and 99.37%, respectively. Therefore, the three sensitive isolates A-1, A-2 and A-3 were identified as Klebsiella sp., Stenotrophomonas maltophilia, Streptomyces sp. and the resistant strain was identified as Pantoea agglomerans according to 16S rDNA sequence together with their morphology and physiological characteristics.
DISCUSSION
PWD is the most serious disease threatening pine forests in south East Asia and certain parts of Western Europe. As such ongoing research is attempting to find agents, especially in bio-controls, to use in disease managing. Despite the availability of several preventive trunkinjection chemicals, no one agent has been found yet to PWN eradication (Oh et al., 2009) . Oh et al. (2009) displayed 206 compounds through an established highthroughput screening (HTS) methods with known activities, mostly antifungal, for anti-nematodal activities and identified HWY-4213 [1-n-undecyl-2-(2-fluorphenyl) methyl-3,4-dihydro-6,7-dimethoxy-isoquinolinium chloride], a highly water-soluble protoberberine derivative, as a potent nematicidal and antifungal agent. In previous studies, extracts of some higher plants, particularly Asteraceous and Euphorbiaceous plants, have been found to possess good nematicidal activity against B. xylophilus (Kawazu et al., 1980) . Kong et al., (2007) observed that cassia and cinnamon oil compounds were good nematicidal plant extracts, with LC 50 values of 0.084-0.085 and 0.064-0.113 mg/ml, respectively at 24 h. Dang et al. (2011) studied the nematicidal and antifungal activities of annonaceous acetogenins, a phytochemical from Annona squamosa. They found that the methanol extract of A. squamosa seeds was highly active against two phytoparasitic nematodes, B. xylophilus and Meloidogyne incognita.
Eight of the ten identified annonaceous acetogenins displayed a strong in vitro nematicidal activity against B. xylophilus. Quinolizidine alkaloids from Leguminosae plants were also proven to have a good nematicidal activity against PWN (Zhao et al., 1999) . Nevertheless, few works have been done to investigate the potential of fennel to manage B. xylophilus and its carrying bacteria. In the present study, both ethanol and water extracts of fennel showed a good nematicidal activity towards pine wood nematode (PWN), and an antibacterial activity against the most PWN associated bacteria. This indicates that fennel extracts might be good candidates for natural PWN control agents. But to date, no identification was done for the effective compounds which are controlling the PWN and its associated bacteria. As well, we do not know whether the constituent that kills the PWNs and their bacterial associates belong to the same compound. The work on isolating and identifying the active constitutes is still ongoing. 
